In August 1997, an Iowa game farmer purchased 3 adult male white-tailed deer (Odocoileus virginianus) from a Minnesota game farm and placed them in a 15-acre enclosure with 20 does. Deer received a commercial supplement in addition to forage. Elk were kept in an adjacent pasture. One of the newly purchased bucks was found dead in November and 1 in December; neither exhibited clinical signs prior to death, and neither was necropsied because of advanced autolysis. In late January 1998, the third buck was found dead after appearing depressed for several days and was necropsied by a local veterinarian. Urine, kidney, liver, and lung were submitted to the Iowa State University Veterinary Diagnostic Laboratory (ISU-VDL). Microscopic examination revealed severe pulmonary congestion and moderate multifocal coagulative necrosis of individual hepatocytes. The cause of death was not determined.
In early April 1998, a pregnant doe died without any history of illness, and the entire carcass was submitted to the ISU-VDL (case 1). Body condition was excellent and the uterus contained 2 4-5-kg fetuses. Gross lesions consisted of moderate hydrothorax and severe diffuse bilateral pulmonary edema (Fig. 1) ; interlobular septa were markedly widened, and trachea and bronchi contained abundant froth. Bacterial culture of lung, liver, spleen, placentome, pleural fluid, and brain swab did not yield significant growth. MiFrom the Veterinary Diagnostic Laboratory, Department of Veterinary Diagnostic and Production Animal Medicine, College of Veterinary Medicine, Iowa State University, Ames, IA 50011-1250 (Sorden), the California Veterinary Diagnostic Laboratory System, University of California, Davis, CA 95616 (Woods) , and the National Animal Disease Center, USDA-ARS, Ames, IA 50011 (Lehmkuhl).
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croscopic examination of lung revealed abundant pale eosinophilic proteinaceous fluid in alveoli and interlobular septa (Fig. 2) . Low numbers of mononuclear inflammatory cells formed perivascular and peribronchiolar cuffs in a few areas, the media of a few pulmonary arteries contained small amounts of karyorrhectic debris, and occasional blood vessels exhibited endothelial hypertrophy. Mononuclear inflammatory cells also surrounded or infiltrated the walls of blood vessels in brain, leptomeninges, colonic serosa, abomasal submucosa, and the hilus of a lymph node. Rare endothelial cells in the lung, abomasal submucosa, and lymph node contained amphophilic intranuclear inclusions ( Fig. 2 , insert). Immunohistochemistry with polyclonal antisera against bovine adenovirus type 5 a (BAV-5) performed as previously described 4 revealed adenoviral antigen within scattered endothelial cells in lung, abomasal submucosa, and lymph node; affected vessels ranged from capillaries to mediumsized veins and muscular arteries (Fig. 3) .
Tissue fragments (2 ϫ 2 mm) were excised from paraffin blocks of lung, deparaffinized, and processed for transmission electron microscopy as described. 5 Scattered, often karyorrhectic, endothelial cell nuclei contained loosely arranged, icosahedral, 68-69-nm-diameter structures with electron-dense cores, consistent with adenoviral nucleocapsids (Fig. 4) .
In both June and August 1998, single adult deer died without exhibiting premonitory signs (cases 2 and 3, respectively). In both cases, the local veterinarian reported pulmonary edema at necropsy and forwarded selected tissues to the ISU-VDL. Microscopic lung lesions were similar to those present in case 1; in addition, many pulmonary arteries had hypertrophied endothelial cells. Scattered endothelial cells contained intranuclear amphophilic inclusions, as did a few arteriolar endothelial cells in spleen and lymph node. Rare pulmonary blood vessels exhibited fibrinoid necrosis, and there were scattered small foci of hemorrhage in the visceral pleura. Fluorescein-isothiocyanate-labeled BAV-5 antiserum a demonstrated adenoviral antigen in cryostat sections of lung tissue from case 2, as did immunohistochemistry on paraffin sections (Fig. 3) .
Virus isolation was attempted from cases 2 and 3 with neonatal white-tailed deer lung cell cultures. Cell cultures inoculated with lung homogenate from case 3 developed cytopathic effect and were subsequently determined by electron microscopy to contain adenovirus. The isolate was neutralized by California black-tailed deer adenovirus (strain D94-2569) antiserum, and preliminary results of restriction analysis revealed only minor differences, suggesting that the Iowa white-tailed and California black-tailed deer isolates are very similar (Lehmkuhl and Woods, unpublished data). Cell cultures were negative for epizootic hemorrhagic disease (EHD) and bluetongue (BT) viruses with monoclonal antibody to orbivirus antigen b in an indirect immunofluorescence test. This is the first report of naturally occurring systemic adenoviral disease in white-tailed deer and the first report of adenoviral disease in any cervid outside the western USA. All deer in this herd had been purchased since 1995 from sources in Minnesota, Michigan, Ohio, and Wisconsin. No further deaths in white-tailed deer have occurred in the herd since August 1998, and no deaths have occurred in the elk kept in an adjacent enclosure.
Previous reports have described epizootics of fatal adenovirus hemorrhagic disease (AHD) in California mule deer populations 5 (Odocoileus hemionus) and reproduction of both the systemic and localized forms of the disease in black-tailed deer 4, 6 (Odocoileus hemionus columbianus) via experimental inoculation with a novel adenovirus. 3 Most of the affected deer in the epizootics were fawns, and reproduction of the disease was most consistent in 3-6-month-old black-tailed fawns. 6 In contrast, the affected white-tailed deer in the present report were almost entirely adults. Whereas intestinal luminal hemorrhage as well as pulmonary edema are typical of the systemic form of AHD in blacktailed deer, intestinal hemorrhage was not observed in the present cases, although vasculitis and adenoviral antigen and inclusion bodies were identified in a variety of abdominal viscera. There is no evidence to date that disease consistent with the localized form of AHD, characterized by pharyngeal abscesses, gingival, lingual, and rumenal ulceration, and/or mandibular osteomyelitis associated with focal vasculitis, 5 has occurred in this herd.
The adenovirus isolated from the herd in the present report was neutralized by antiserum produced to the California deer adenovirus isolate. There was no evidence of concurrent infection by other viruses. Experimental inoculation of whitetailed deer fawns with a low dose of the mule deer adenovirus induced death and lesions typical of systemic AHD in 1 of 8 inoculated fawns (L. Woods, personal communication).
Pulmonary edema is frequently present in deer infected with BT or EHD virus. 1,2 Deaths of black-tailed deer previously assumed to be due to BT virus infection have been retrospectively demonstrated to be associated with adenovirus infection by transmission electron microscopy and immunohistochemistry. 5 Because gross lesions of systemic AHD and the orbivirus hemorrhagic diseases (BT and EHD) are similar, all 3 should be considered in the differential diagnosis of both black-tailed and white-tailed deer with pulmonary edema and/or hemorrhagic enteropathy. Although a hemorrhagic disease outbreak, predominantly associated with EHDV-2 infection, occurred in both farmed and wild white-tailed deer in Iowa in late 1998 (Final Report, 1998 Hemorrhagic Disease Surveillance in Wild Ruminants, Southeastern Cooperative Wildlife Disease Study), there was no evidence of orbivirus infection in any of the deer examined from this herd.
